Abstract: China has the largest aging population of all countries and faces severe aging issues.
Introduction
According to data released by the National Working Committee on Ageing in February 2018, China's elderly population (aged 60 and above) reached 241 million at the end of 2017, with an increase of 36 million from 194 million at the end of 2012. The proportion of elderly rose from 14.3% to 17.3% of the population in 13 years [1] . On the whole, the number and proportion of the elderly population are on the rise each year. It is predicted that by 2020, the national population aged over 60 will increase to about 255 million, which will increase the proportion of the total population to about 17.8%. In order to eliminate the negative effects of the aging issue, promote comprehensive, balanced and sustainable development of old-age programs, and improve the pension system, the State Council has formulated the "13th Five-Year Plan for the Development of Old-Aged Program and the Construction of the Pension System" [2] . It can be seen that with the intensification of the aging trend, the living conditions of the elderly have attracted much attention.
Life satisfaction, an important indicator to measure the living standards of the elderly, has become an indispensable item in the academic community when studying life quality and living conditions of the elderly. Analyzing factors that affect life satisfaction of the elderly and taking corresponding measures to improve their life satisfaction make a great difference in promoting "healthy aging". related organizations. This platform collects research data from scholars or scientific institutions (mainly based on survey data) as well as encouraging researchers to submit their own data. The Chinese Longitudinal Healthy Longevity Survey (CLHLS) data we used were originally provided by the Peking University Health Ageing and Development Research Center.
We used five cross-sectional surveys from the years 2002 1 , 2005 2 , 2008 3 , 2011 4 , and 2014 5 in the CLHLS project for analysis. The CLHLS project aims to explore the factors influencing the health of the elderly and to strengthen scientific research and policy analysis in the area of healthy aging [15] . Since 1998, this survey has been conducted in 23 provinces across China, including Beijing, Tianjin, Hebei, Shanxi, Liaoning, Jilin, Heilongjiang, Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong, Henan, Hubei, Hunan, Guangdong, Guangxi, Chongqing, Sichuan, Shanxi and Hainan. The total population of the areas covered was 985 million at the 1998 baseline survey, and 1156 billion in 2010, accounting for about 85% of the total national population. About half of the cities and counties in each survey province were randomly selected as survey sites for investigation.
In order to investigate enough elderly people who need care the most, the project adopted a multi-stage non-equal random sampling method in the selected survey areas. 8959 citizens aged 80 and above were interviewed at their home in 1998, and 11,161 elderly people aged 80 and above were investigated in 2000. Since 2002, the project has expanded the samples to include people over 65 years old. In the surveys of 2002, 2005, 2008-2009, and 2011-2012 , the numbers of interviewees, aged 35-110 years, were 20,428, 18,549, 20,366, and 10,191 , respectively. The range of respondents was extensive.
Each respondent was asked to fill out a CLHLS questionnaire. At the beginning of the questionnaire is a declaration of confidentiality of the personal information of the respondent. Before participating in the survey, respondents were instructed to sign the informed consent if they wished. The questionnaire includes four major types of factors that may determine health status including, lifestyle, social environment, genetics, and medical conditions. It contains questions regarding personal characteristics, self-care ability, physical function, cognitive function, psychological characteristics, social support and other issues of the elderly. Taking personal characteristics as an example, there are seven items which are represented by seven questions coded from B2-1 to B2-7, as shown in Table 1 . 
Items under B2 Personal Characteristics Options

Data Coding
Life satisfaction is the dependent variable in this paper. It is measured by the question on "self-reported quality of life" in the questionnaire. Responses are divided into five levels: "very good"; "good"; "so, so"; "bad"; and, "very bad". Since there are few "bad" and "very bad" responses in the annual data, this study merges the first two levels into one category representing "satisfied with life" and merges the last three levels into one category representing "not satisfied with life."
Based on previous studies on the factors that affect the life satisfaction of the elderly, and questionnaire data, this study selected the potential influence factors of life satisfaction from five dimensions including the, demographic, physiological, psychological, economic, and social dimensions. The independent variables are listed in Table 2 , and include: residence; marital status; education attainment; way of living; self-rated health; cognitive ability; personal activities of daily living (PADL); instrumental activities of daily living (IADL); bright personality; anxiety; loneliness; self-recognition; leisure activities; social participation; medical accessibility; economic self-sufficiency; main source of life; and self-evaluation of economic level. Since age and gender can not be changed at any time, these two variables are not discussed in the study. We explain some of the variables below. Personal activities of daily living (PADL), and instrumental activities of daily living (IADL), are used to evaluate the relatively objective health status of the elderly. In the questionnaire, the ability of the elderly to take care of themselves in daily life is surveyed from six aspects: bathing; dressing; indoor activities; going to the toilet; eating; and bowel and bladder control. These six items are combined into one variable, PADL. The ability to perform activities such as going to their neighbors, shopping, cooking, washing, and other indicators are integrated into the IADL variable. The variable "leisure activities" is measured by three questionnaire items: (1) "Do you do garden work"; (2) "Do you read newspapers/books at present?"; and (3) "Do you watch TV or listen to the radio at present?". Engaging in at least one type of leisure activity is defined as having leisure activities, otherwise it is defined as having no leisure activities. The variable "social participation" is measured according to the following questions; "Do you play cards/mah-jong at present?" or "Do you take part in some social activities?". All questions representing research variables in each year's questionnaire are consistent. There are both numeric and categorical variables among the independent variables. The categorical variables contain multiple classifications. Considering that for the same variable, the amount of data in some categories is small, there may be sparse data effects. Therefore, the variable's values are merged according to the meaning of the variable and the specific value distribution. All independent variable codes are also shown in Table 2 .
Data Analysis Method
The surveys conducted in 1998 and 2000 only contain respondents aged 80 and over. From 2002 on, the CLHLS extended the age range of the sampled elderly to include participants aged below 80. As the subject of this study is the elderly aged 60 and above, we excluded survey data for the years 1998 and 2000, and only retained survey data for the years 2002, 2005, 2008, 2011 and 2014. In order to ensure the reliability of the data, observations involving missing values or fuzzy answers were excluded from the final sample. The number of observations before and after exclusions is shown in Table 3 . A quantitative data analysis method was used. The influence of each factor on life satisfaction was measured using IV (information value). A random forest model was established to analyze the importance of influencing factors in each year. All operations were completed in R.
Information Value
Information value (IV) is closely related to concepts from information theory where one of the goals is to understand the uncertainty involved in predicting the outcome of random events given varying degrees of knowledge of other variables [16] .
When we have a binary dependent variable Y and a set of predictive variables X 1 , . . . , X p , IV measures how well the predictive variable X j helps us separate cases when Y = 1 from cases when Y = 0. This is done through the information value (IV) which is defined like this:
IV enables one to consider each variable's independent contribution to the outcome. In addition, it can be used to seamlessly compare the strength of continuous and categorical variables without creating dummy variables and seamlessly handle missing values without imputation [17] .
The IV is a good measure of the influence of the independent variable on the target variable. There is a general rule about the correspondence between the IV value and influence level, as shown in Table 4 . Table 4 . Rule of thumb for information value [18] .
Predictive Power or Influence
<0.02
No predictive power, or no/slight influence 0.02-0.1 Weak predictive power, or weak influence 0.1-0. 3 General predictive power, or some influence >0. 3 Strong predictive power, or strong influence
Random Forest
Random forest is a machine learning algorithm based on decision trees. It operates by constructing a multitude of decision trees at training time and outputting the class that is the mode of the classes (classification) or mean prediction (regression) of the individual trees.
At present, random forest is more satisfactory, regarding both operation and results, than various other machine learning models [19] . Compared with other models such as logistic regression, random forest does not require independence between variables or data structures that conform to the normal distribution. There are far fewer limitations for random forest. It has a rapid learning process and thus can be completed quickly when dealing with large amounts of data. Thousands of independent variables can be processed and random forest can evaluate the important values of all variables regardless of relevance issues [20] .
As this study investigates change in the importance of factors associated with life satisfaction, it is appropriate to establish a random forest model. The random forest model calculates the importance score of each independent variable according to two different criteria. The first criterion is the mean decrease in accuracy, and the second is mean decrease in Gini. As far as the two criteria are concerned, the larger the importance score is, the more important the variable is. Since categorical variables and continuous variables exist simultaneously, the estimated value based on Gini in this case is not accurate enough [21] . Therefore, the importance of each factor is measured by the importance score calculated according to the mean decrease in accuracy.
Visualization of Results
Data visualization can optimize information organization and improve the efficiency of information acquisition. With suitable visualization tools, the information contained in data can be better displayed for analysis. In the study, we used Microsofot PowerPoint 2016 to visualize data and to help find useful results.
Results
This section reports the results of our analysis. Specifically, we report the life satisfaction measure over each of the years, the evolution law of factors influencing life satisfaction among elderly Chinese based on their information values, and changes in the importance of these factors to life satisfaction in different years. Most of the results are presented visually. As shown in Figure 4 , for both urban citizens and rural citizens, the proportion of elderly people satisfied with life has increased since 2008. It is evident that the proportion of people living in the city who were satisfied with life has always been lower than those living in rural areas from 2002 to 2014, which suggests that rural citizens are more inclined to be satisfied with life. 
Life Satisfaction over Years
Evolution Law of Factors Influencing Life Satisfaction among Elderly Chinese
The Influence of Factors in Different Years
Using the R programming language, the information value (IV) of each variable was calculated for each of the five years to measure the influence of the independent variables on the life satisfaction of the elderly. Since variables with an IV of less than 0.02 are considered to have no influence on the dependent variable, variables for which the IV was always less than 0.02 were not considered. Therefore, marital status and main source of life were excluded, leaving 16 variables. The variables and their IV scores for the five years are presented in Table A1 in Appendix A. In the following graphs, variables belonging to one dimension are represented with the same color: demographic variables are in blue; physiological variables are in gray; psychological variables are in green; economic variables are in red; and, social variables are in purple.
(1) Demographic dimension To conclude, the influence of residence and education attainment has fluctuated, while way of living has maintained a stable influence. The IV of self-rated health was higher than 0.6, reflecting the strong influence that self-rated health has maintained on life satisfaction. 
Figur e8
Figur e9 
The Importance of Associated Factors in Different Years
We calculated the importance of the 16 factors to life satisfaction over the five years using the random forest model provided in R. The results are presented in Table A2 in Appendix A. During the years 2002 to 2014, the importance of these 16 factors associated with life satisfaction has changed. The importance, measured by the IV ranking, reflects the relative degree of importance in terms of the influence of these factors. Based on the results of the random forest model, changes in the importance of each associated factor can be analyzed.
We assume for each year that a variable ranking in the top one-third is considered to be a variable of strong importance, a variable ranking in the middle third is of general importance, and a variable ranking in the bottom third is of weak importance. Since the study concerns data for five years spanning more than a decade, in order to clearly present the important variables and show the change for all variables, we divided the 16 variables into three categories for visual analysis. We selected variables that had been ranked in the top five in at least one of the five years for visualization. These are the first-category variables and their ranking changes are presented in Figure 10 . Among the remaining variables, those which have entered the top 10 at least once are the second-category variables and are shown in Figure 11 . Lastly, variables which have always ranked in the bottom third are the third-category variables and are shown in Figure 12 . As shown in Figure 10 , we found that there were seven first-category variables, covering the physiological, psychological, economic and social dimensions and including, self-rated health, cognitive ability, IADL, economic self-sufficiency, self-evaluation of economic level, bright personality, and medical accessibility. Among these first-category variables, the ranking of self-rated health in physical dimension is very stable and has always ranked first in each of the five years, meaning that self-rated health has always been the most important factor. The ranking of self-rated economic level in the economic dimension has also been stable in second place, and is an important variable second only to self-rated health. Economic self-sufficiency in the economic dimension has ranked third or fourth in each of the five years. The rankings of bright personality in the psychological dimension are close to those of economic self-sufficiency, with both remaining stable in either third or fourth place. However, the ranking changes for medical accessibility, cognitive ability and IADL are large. 
Discussion
This study investigated factors affecting the life satisfaction of elderly Chinese, and changes in the influence and importance of these factors. Based on multiple years of survey data from the CLHLS project, our analysis examined 18 factors in five dimensions-demographic, physiological, psychological, economic and social. We found that the economic self-sufficiency and self-evaluation of economic level variables in the economic dimension have a strong influence on life satisfaction. Though their degree of influence kept changing, their importance has remained among the top four factors. In the physiological dimension, only self-rated health had a strong influence on life satisfaction. Similar to economic self-sufficiency and self-evaluation of economic level, its influence fluctuated notably, although it has always been the most important variable. Other physiological variables such as cognitive ability, PADL and IADL were of weak influence over the decade with their importance changing greatly. Demographic variables were of weak influence or were not influential at some times, and their importance rankings have been at the bottom, indicating their low influence and importance. In the psychological dimension, bright personality is the most influential variable. Its influence has been among the top four factors and has been on the rise during the recent decade. Loneliness is the second important psychological variable and its importance has remained stable. The influence of other psychological variables was relatively weak. These variables belong to the second-category variables. After 2011, the importance of all psychological variables increased. Medical accessibility is the most influential variable among all social dimension variables, but its influence has been declining over the decade. Its importance was stable at first and then declined. The other two social variables belonging to the third-category variables were of very weak influence and have been of low importance over the twelve years.
This study made several contributions. Firstly, it affirmed some of the influencing factors identified from the life satisfaction literature. Our results showed that self-rated health, economic self-sufficiency, economic level and bright personality have always been the most important variables, which is consistent with findings from previous studies. Liu [13] found that health status is an important factor affecting the life satisfaction of the elderly. A comparative study on the factors associated with the life satisfaction of elderly people based on surveys in 2003 and 2008 noted that economic status and health status are important components of the quality of life of the elderly. Self-evaluation of economic condition and self-rated health have become an important factor [14] . Ho et al. [8] also found that health and adequate income to meet living expenses were rated as the most important factors. As found in this study, psychological characteristics have an impact on life satisfaction, with personality being a particularly strong influence. Cai's study suggested that psychological factors have a great influence on the self-rated life satisfaction of elderly women [22] . Foreign studies reported that, as expected, depressive symptoms demonstrated a significant association with life satisfaction in both women and men [23] . Loneliness has a significant impact on older people's life satisfaction [24] . Consistent with the findings of some scholars, demographic factors have little or no effect on the life satisfaction of elderly people. For example, Mao [25] reported that the elderly's life satisfaction was not closely related to their academic qualifications or household composition. However, some studies have drawn different conclusions [26, 27] . A study based on the Shanghai elderly survey also found that the richness of individuals' engagement in spiritual and cultural activities was particularly important for the elderly to rate their life satisfaction as high [14] . One explanation of the difference in results might be the difference in samples. Based on this study, a model of life satisfaction of elderly Chinese could be designed and tested, which may be a worthwhile exploration.
Our study also discovered some interesting sociological phenomena and effects of social change. For example, the bright personality variable reflects a positive attitude towards life, and it has an increasingly great impact on elderly people's life satisfaction. According to Diener's study [28] , personality affects social comparison direction. People with a bright personality tend to pay more attention to people who are worse-off than themselves. Such people can enjoy more positive emotions. It is suggested that the elderly are paying more attention to gaining positive emotions now. With the formation of a medical insurance system with Chinese characteristics, elderly people can access medical services more easily. According to the five years of data analyzed, the proportion of people choosing medical accessibility has kept increasing, reaching 97% in 2014. Medical accessibility's influence is not as important as it was and its influence has kept declining. To conclude, Health and economic status are still important components of quality of life for the elderly. Promoting healthy aging and enhancing their economic conditions become the keys to improving their life satisfaction.
Next, our conclusions were drawn from the large-scale data of elderly Chinese people, with a representative sample. This study visualized the data to obtain useful findings, based on which we can make suggestions for improving the life satisfaction of elderly Chinese people. Healthy aging should be promoted to assist older individuals. Community services should be improved, such as organizing regular medical examinations and spreading knowledge to raise elderly people's awareness of health. Active aging should also be advocated to deal with the aging problem. Elderly people should be encouraged to participate in social and economic activities so as to help them maintain a positive mind and increase their life satisfaction. Besides which, elderly people's psychological state cannot be ignored. Communities should provide mental health services and counseling to help elderly people adapt to their life in old age.
The fourth contribution of this study is the research methodology and our data analysis approach. To achieve the objective of study, we used multi-year, open datasets from a well-known survey project, along with sophisticated data transformation so that data could be processed using the most appropriate measure and machine learning model. The use of information value as a measure of each independent variable's contribution to the dependent variable is innovative for the study of elderly Chinese. This study provides an example of conducting empirical analysis based on open datasets. Faced with the worldwide trend of open data, more and more open health data will be published. In the era of big data, the development of smart health ecology must rely on data. Integrating and utilizing open health data can provide solutions for public health issues. This study has confirmed the value of an open dataset for the field of smart health.
Conclusions
This study conducted a visual analysis of open datasets provided by the CLHLS project to explore the evolution of the influence and importance of factors affecting elderly Chinese people's life satisfaction from 2002 to 2014. It was found that even though influencing factors belong to the same dimension, they can differ greatly in their influence and importance ranking. In addition, the findings revealed that the influence of most factors has undergone changes over the past ten years. In particular, the influence of a bright personality has been increasing since 2005, while the influence of medical accessibility has been declining. Self-rated health, and self-evaluation of economic level, economic self-sufficiency and bright personality were the most important factors during these ten years. Except for these four factors and loneliness, the factor rankings of importance have been changing. Third-category variables, including residence, education attainment, way of living, leisure activities and social participation, have been ranking the lowest and have remained unimportant. It can be concluded that the most important factors are four factors belonging to the physiological, economic and psychological dimensions, while the most unimportant factors belong to the demographic and social dimensions.
Based on the results of the empirical analysis, this study provides suggestions for healthy aging and active aging strategies. In addition, this study revealed the huge value contained in open health data.
A potential weakness in the present study is the sample. The sample only involves data for five years as the survey was conducted discontinuously in the years 2002, 2005, 2008, 2011 and 2014 , which may reduce the representativeness of our findings. Another limitation is that we only explored the influence and importance of these factors without studying their influencing mechanism.
In the future, more and more open health data will be utilized. The trend is to integrate and connect open health data to create more value. Driven by data, more innovations will be achieved. It is believed that the overall exploitation of open health data will promote the development of smart health ecology. 
